The objectives of this research were to study the elimination of dissolved organic carbon (DOC) and the reduction in the formation of haloacetic acid potential (HAAFP) when natural water from La Pedrera reservoir was treated with a single process of coagulation or filtration membrane, and a combined process ( coagulation followed by treatment with membranes). In this research two coagulants, aluminium sulfate and polyaluminium chloride, and four membranes, two nanofiltration membranes (NF 90 and DESAL HL) and two ultrafiltration membranes (PES 5000 and PES 10000) were studied. The highest reduction in DOC was obtained when the natural water underwent the combined treatment of coagulation followed by NF90 membrane filtration. With this combined treatment the values of DOC rejection were over 82% independently of the coagulant used. For the single treatment with nanofiltration membranes, HAAFP rejection was 81% for NF 90 and 76% for Desal HL. However, a single treatment with coagulation or ultrafiltration membranes showed results for HAAFP rejection of under 35% and 26%, respectively. When a combined treatment of aluminium sulfate followed by ultrafiltration with the PES 5000 membrane was used, HAAFP rejection reached values of 80% approx. These values are very similar to the results obtained from a single treatment with NF 90 but with the advantage that the flux of PES 5000 is 4,000 times the flux of the NF 90 membrane. Therefore, this treatment should be given due consideration.
INTRODUCTION
It goes without saying that water is fundamental for life. Worldwide water consumption has tripled since 1950 due to the increase in population and to global economic development.
This increase in consumption and the uneven distribution of water resources worldwide, in combination with the effects of drought in certain regions, means that water is scarce. This scarcity compels us to use new sources of supply or to overexploit the existing ones. In some cases, this over-exploitation and the use of new water resources may result in a water supply for human consumption the quality of which does not meet the basic health and hygiene standards which guarantee that human consumption is safe and free from health risks using traditional methods of purification [1] .
Natural waters contain varying concentrations of different organic compounds. The composition of natural organic matter (NOM) present in water depends on its place of origin and on seasonal variations. NOM is formed by a large number of compounds from low molecular weight hydrophilic acids, carbohydrates, proteins and amino acids to higher molecular weight compounds such as humic substances. Most NOM in rivers and lakes is made up of humic acids (HA) and fulvic acids (FA). These substances act as precursors of various by-products generated during the disinfection processes, such as haloacetic acids (HAAs), trihalomethanes (THMs), haloacetonitriles (HANs) and haloketones (HKs).
The most commonly used chemical products for disinfecting water are chlorine, chloramines, chlorine dioxide and ozone. When the water contains organic substances, this disinfection process has the disadvantage of generating chlorination disinfection by-products (DBPs) [2] . The formation of these DBPs in drinking water occurs when the disinfectant (usually chlorine) reacts with NOM and/or bromide/iodide present in the water. The presence of DBPs in water and their effects have been widely addressed in research ever since their adverse health effects were discovered.
The characteristics of the organic matter affect the formation of chlorination byproducts. NOM can be fractionated into hydrophobic or hydrophilic fractions. Some research indicates that during chlorination the hydrophilic fraction of NOM is mainly As regards HAAs, studies with laboratory animals have concluded that exposure to these types of acid in drinking water may contribute to the development of some cancers, and to an increase in the number of abortions in humans [4] . The United
States Environmental Protection Agency (USEPA) classifies only two types of HAAs as being potentially carcinogenic. DCAA has been classified as a probable human carcinogen, while TCAA only as a possible human carcinogen [5] . In order to reduce the formation of HAAs, it is important to decrease the concentration of dissolved organic carbon (DOC) in water prior to its chlorination.
Among the techniques used to remove organic substances in water are: biological degradation, coagulation/flocculation activated carbon adsorption, ion exchange, membrane filtration and oxidation [8, 9] .
Conventional treatments using coagulation/flocculation are currently the most frequently used for water purification in cities due to their low cost and good results in the removal of organic matter. These treatments are being combined in recent years with filtration, ultrafiltration and nanofiltration techniques.
Ultrafiltration and nanofiltration technologies for the reduction of NOM in water have been widely studied with different membranes and natural waters of different characteristics. Although the reduction in NOM using these membranes is high for synthetic waters, when natural waters are filtered the reduction in NOM is lower due to the fact that the molecular size of DOC in natural water is generally lower than in synthetic water [10, 11] .
In the last decade, research has focused on applying combined treatments of membrane filtration and other techniques such as coagulation or the use of resins.
Recent studies focus mainly on the analysis of membrane fouling and on improving coagulation treatments to reduce this fouling. Xu et al. (2015) [12] conducted a study with synthetic waters on the impact of organic coagulant aid on purification performance and membrane fouling in a coagulation/ultrafiltration hybrid process. conducted a study with natural waters from a river in Brazil using coagulation/flocculation/ultrafiltration systems with ceramic membranes, observing that surface water coagulated with aluminium sulfate produced less membrane fouling than natural waters or those coagulated with chitosan [15] .
Coagulation/flocculation on natural water followed by ultrafiltration or nanofiltration treatments with a view to observing their effects on the formation of HAAs, has not been extensively researched, since most studies focus on synthetic waters and their effect on THM using higher molecular weight membranes as compared to those used in the present study. For this reason, this research was carried out using water from the Mediterranean Basin of Spain, to study the effect of coagulation followed by 
EXPERIMENTS

Feed water
Natural water from La Pedrera reservoir was used for this research. This reservoir is located in Southeastern Spain, in the province of Alicante, and is used as the water supply for several municipalities such as Orihuela.
Reservoir water samples were initially screened using a Wattman GF/C fiberglass filter of 0.45µm pore size to remove undissolved organic matter. The characterization of the reservoir water was carried out by determining the concentration of dissolved organic carbon (DOC), specific UV absorbance (SUVA), pH and conductivity. Values obtained from this characterization are shown in Table 1 . 
The molecular weight distribution is presented in figure 1 . The water used in this study presents low values of organic matter, and the percentage of organic matter with an apparent molecular weight under 500 Da is 47%
approx. The SUVA value of water under 3 L/(m gC) suggests that the DOC is primarily composed of non-humic materials and the organic matter is relatively hydrophilic [16] .
Coagulants
Two coagulants were selected for our study: Aluminium sulfate Al 2 (SO 4 ) 3 18H 2 O (Al 2 (SO 4 ) 3 ) and Polyaluminium chloride (PAC). All the coagulants used had analytical grade. Al 2 (SO 4 ) 3 was obtained from Normapur Prolabo, Spain, and PAC was purchased from Kemiro Iberica, Spain.
Membranes
Two nanofiltration membranes were used in this research: NF 90 and DESAL HL, produced by Dow Chemical and GE Osmonics respectively, as well as two ultrafiltration membranes, PES 5000 and PES 10000, supplied by GE Infrastructure
Water and Process Technology. General information about the membranes is shown in Table 2 . 
Coagulation-Membrane filtration process
Once the optimum dosage and process characteristics for each coagulant were determined as a result of the previous discontinuous assays described above, the rest of the coagulation experiments were performed using an experimental set-up allowing continuous testing. The experimental set-up used to perform the continuous experiments was specifically designed for this study ( Figure 2 ). Two distinct phases were involved in the afore-mentioned experimental set-up, the first phase being where the process of coagulation and decantation (tanks B and C) occured. The coagulant was dosed from tank A by a peristaltic pump E. The supernatant obtained in the settling tank C fell by gravity to reservoir tank D. Filtration treatment followed from tank D, after adjusting the pH to 7.0. Prior to the process of coagulation/ultrafiltration with natural water from the reservoir at La Pedrera, the conditioning of the new membranes was accomplished by flow determination with pure water until this flow was constant. Afterwards, the experiment was carried out with natural water for 28 hours. Once the experiment with natural water was finished, a third experiment with distilled water was conducted to determine the degree of irreversible fouling. This was done by means of a basic membrane wash. 
Analytical methods
The measurement of dissolved organic carbon (DOC) was obtained using a Shimadzu TOC-5000 analyser, with a detection limit of 4µg/L. Ultraviolet absorbance (UV) was measured with a UV/VIS spectrophotometer (Shimadzu UV-1800) at a wavelength of 254 nm, previously adjusting the pH of the solutions to 7.0 by adding NaOH or HCl to the samples. The specific ultraviolet absorbance (SUVA) was determined as the UV*100/DOC (Lm [18] obtained a DOC removal efficiency of 74% approx. when natural waters were filtered using the NF 90 membrane, and 56% for THM reduction. These results are in line with the findings of the experiments of this research. For the combined treatment of coagulation followed by ultrafiltration, the best yields are obtained when Al 2 (SO 4 ) 3 is used as coagulant followed by ultrafiltration with the PES 5000 membrane where a yield of 42% is reached, and 39% for the PES 10000 membrane (figure 4). When compared to ultrafiltration treatment alone, a 28% improvement was achieved for PES 5000 and 35% for PES 10000. This improvement is due, on one hand, to the organic material removed during coagulation treatment and, on the other hand, to the fact that the organic matter remaining in suspension may have partially stuck to the coagulant or other molecules, or may be to some extent neutralized, and, therefore, has a less negative overall charge and is more easily Figure 6 shows the percentage reduction in the formation of HAAFP when the natural water of La Pedrera reservoir underwent a single treatment. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Several studies indicate that the organic matter that most affects the formation of HAAs is as follows: Hydrophobic acid>Hydrophilic acid matter>weak hydrophobic acids>Hydrophobic neutral>hydrophobic bases, but it was worth noting that the specific HAAFP of weak hydrophobic acids is the highest followed by hydrophilic matter. In general, coagulation processes tend to eliminate higher percentages of organic matter with hydrophobic characteristics [26] . Zhao et al. (2013) [27] showed that for natural water treated with PAC, higher percentages of the fraction of weak hydrophobic acids were removed than in water treated with Al 2 (SO 4 ) 3 , and for both coagulants the hydrophilic material removed was lower than hydrophobic material. Hence, PAC treated water produces a greater reduction in HAAFP. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 obtaining a 56% removal in HAAFP. This value was 24% higher than when FeCl 3 was used as coagulant [7] . Other authors found that the coagulation process can reduce haloacetic acid formation potential by 15%-78% [28] . Zhao et al. [27] 2013, indicated in their research that the reduction in THMFP and HAAFP by PACl under enhanced coagulation could reach 51% and 59%, respectively, and the removal performance for HAA precursors by PACl was better than when Al 2 (SO 4 ) 3 was used. and PES 10000 membranes, the greatest flow reduction occurs for untreated water, approx.
Effect of single treatment on the formation of haloacetic acids
In the case of nanofiltration membranes (figures 12 and 13), the flow loss is slightly higher than in the ultrafiltration membranes. When the water from La Pedrera reservoir was filtered with the DESAL HL membrane without previous coagulation, the flow loss was 19%. In both membranes, pre-treated water generates a slightly lower flow loss.
However, this is less significant than that observed in ultrafiltration membranes. For both membranes, the use of pre-treatment with coagulant PAC causes the lowest flow loss: for the DESAL HL membrane 10%, for NF 90 it was 9%.
Shuang Zhao et al. 2015 [30] studied the rejection of fulvic acid when they treated synthetic waters using coagulation treatment with Polyaluminium chloride followed by ultrafiltration process with 100 kDa membranes. Their findings showed that the process of coagulation before ultrafiltration was capable of reducing membrane fouling by about 10%-20% approx. when compared with the decrease obtained with ultrafiltration treatment without previous coagulation. These differences depended on the dosage of coagulant used.
Xu et al (2015) worked on the impact of organic coagulant aids in synthetic waters.
The effect on membrane fouling in a coagulation/ultrafiltration hybrid process was studied. The study shows that the flow reduction for conventional coagulation/ultrafiltration systems using aluminium coagulation is 52% approx., while the addition of polydimethyldiallylammonium chloride reduces this flow loss to 34% for ultrafiltration membranes with a MWCO of 100kDa [12] . 
CONCLUSIONS
Based on the experiments carried out, it can be concluded that the two nanofiltration membranes studied, NF 90 and DESAL HL, achieve better results in organic matter and HAAFP reduction than the ultrafiltration membranes PES 5000 and PES 10000.
In all cases, pre-treatment with coagulation improves DOC removal yields.
Coagulation with PAC followed by NF 90 produces the best DOC rejection at 83% with optimum doses of aluminium. However, the flux of this membrane is low when compared with DESAL HL or ultrafilration membranes (PES 5000 or PES 10000).
Ultrafiltration or single treatment coagulation produced a very low rejection of HAAFP, which was always below 40%. On the other hand, single treatment with the NF 90 filtration membrane produced a level of HAAFP rejection of 84% approx. However, the flux of this membrane was very low when compared with ultrafiltration membranes.
The lower production of HAAFP was achieved when the waters were treated with coagulant Al 2 (SO 4 ) 3 followed by membrane filtration with the DESAL HL membrane (87% less). However, it is important to emphasize that in the treatment with aluminum sulfate followed by ultrafiltration with the PES 5000 membrane, the results for HAAFP rejection show values of 80% approx. These values are in the same order as those obtained with a single treatment with nanofiltration membranes. However, the flux of the PES 5000 membrane was 4,000 and 3,500 times higher than the flux obtained with the NF 90 and DESAL HL membranes, respectively. 
